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Abstract
Hardwaredesignforlaserfusionexperimentalmachineshasled

toa combi-nationofengineeringtechnologiesthatarecriticaltothe
successfuloperationofthesemachines.Theselargeopto-mechanical
systemsaredependentonextremecleanliness,accommodationtoefficient
maintenance,andhighstability.Thesethreetechnologiesarethe
primarymechanicalengineeringcriteriaforlaserfusiondevices.

.1. INTRODUCTION
Structuralandmechanicalhardwareformostfusiondevices

normallyfallwithinclassicallinesofdesignandfabrication.Inthe
pastsixyears,however,withthegrowthofinertialconfinement,a
seriesofexperimentalmachines--builtandoperatedattheLawrence
LivermoreNationalLaboratory(LLNL)--haverequirednewengineering
approachesthatdepartfromtheclassicallines.Thesenewapproaches
havecreatedamechanicaltechnologythatisuniquetolaserfusion
experimentalsystems.WeareapplyingmuchofthistechnologytoNova,
thelatestintheLLNLseriesofneodymium-glasslasersystems,which
willirradiateandimplodedeuteriumpellets.Nova,whose10laserbeams
willprovidean80-to120-KJfusioncapabilityinearly1983,is
expectedtodemonstratescientificbreakeven.

Novaisbeingconstructedintwophases(fig.1).Thefirst
phaseishousedina buildingadjacenttotheShivalaser.AfterPhase
I,with10beamsoperational,Shivawillbeshutdownandupgradedinto
10Novalaserbeamsandcombinedwiththeoriginalbeamstoprovidea
full20-beamcapability.

*ThisworkwasperformedundertheauspicesoftheU.S.Departmentof
EnergybytheLawrenceLivermoreNationalLaboratoryundercontract
W-7405-ENG-48.



Fig. 1. Phase 1 of Nova shows Nova installed separately while Shivs is

stil1 in operation.

Four systems were built preceding Nova. These were Cyclops, a

1-KJ, 20-cm-aperture laser; Janus, LLNL’s first two-arm, 10-cm-

output-aperture, target-irradiation facility; Ar9us, a two-arm, 5-kJ,
Zo-cm.output-aperture laser; and Shivs a 20-arm, lo-kJ, Zo-cm
output-aperture laser.

The experiences of designing, buildin9, and oPeratin9 these

systems led to the development of critical concepts and technology needed

for the successful operation of systems 1ike Nova.

2. CLEANLINESS

The sensitive nature of huge optical systems requires that

particul ate contamination be minimized [1-2]. Particles on optical

surfaces result in surface damage when exposed to f1ashlamp or 1aser

light. Consequently, in design, one must consider fasteners that do not

generate contaminants, as wel1 as materials and assembly procedures that

are contaminant-free.

Early amplifiers were designed using design philosophy normal lY

acceptable in electro-mechanical and opto-mechanical devices” This

implied standard surface treatments, standard screw fasteners, and

standard part interfaces. It was soon recognized that the traditional
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way of doing things was not acceptable. Mechanical fasteners had to be

replaced with devices such as springs that hold parts together without

rubbing or scraping surfaces, such as a threaded shaft in a threaded

hole. Sliding surfaces generate wear particles in sizes and numbers that

depend on surface hardness, loading, sliding distance, and the materials

involved.

Surface cleanliness of all mechanical parts means that

fingerprints and particles as smal1 as 1 to 10 m cannot be tolerated.

Hardware design is heavily influenced by handling considerations. Every

source of particulate contamination is analyzed in the design process,

and we make every effort to eliminate the source. The size of these

components on Nova has increased almost fourfold over Shivs and earlier

machines. The handling and cleaning of these large, heavy, and fragile

parts, in a clean-room environment, must be done with great care to

ensure contaminant-free surfaces. For optical surfaces, careful solvent

wiping is most effective. For mechanical parts, liquid solvent spray

with pressures up to 1000 psi is most effective (fig. 2).
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Fig. 2. High pressure spray cleaning of parts.

Care must be taken to eliminate cracks, seams, crevices, and recesses

that tend to accumulate dirt and act as a virtual source of

contaminants. Surfaces must not be porous or rough; they must be

cleanable. Even exterior surfaces on components can cause contamination

in the clean room in the form of paint chips. The entire system must be
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The Shiva and Nova lasers are housed in a class-1000 clean room in which

the maximum concentration of airborne particles 0.5 m in diameter and

larger is 1000 per cub’icft.

3. MAINTENANCE

Efficient maintenance, which leads to maximum performance and

operational efficiency, can only be achieved by dedicated design. To

achieve efficient maintenance leading to more useful energy on target,

one must have simple designs and fewer parts so that parts can be

assembled and inspected more east lY. Only by this total awareness of

system cleanliness can one achieve an acceptable operation time and

acceptable beam quality as seen by the before and after beam photographs

(fig. 3) of the Argus laser [31.
Past Present

W.
ph.atc.ampb$

Foc.$able power -2.5 terawalu

Fig. 3. Example of improved beam quality due to maintenance.

4. LASER SYSTEM

Nova Phase I consists of 10 parallel, linear laser chains

(fig. 1) driven by a master oscillator. Each chain is a series of

amplifier stages up to 46-cm aperture with 180 m of optical propagation

path. Spatial filters between the amplifier stages provide the functions

of filtering, relaying, and beam expanding. They are vacuum tubes with

lenses at each end and a pinhole at the focal point. As a filter, they

reduce high frequency spatial noise which damages optical surfaces. As a

relay they project a clean image at the beam front to the input of the

next spatial filter, through each amplifier stage. Both functions reduce

damaging peak intensities along the beam path.

.
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Therearesevenoftheseunitsineachlaserchain,withoutput
aperturesthatrangefrom3.75to74cm.Spatialfilteralignmentisthe
mostcriticalofbeamlinecomponents.

Thevacuumtubesaremadeofstainlesssteeltubing.Rolled
tapersectionsofstainlesssteelareusedforthelargerfilters,and
thediameterofthespatialfilterdecreasesnearthepinhole(fig.4).

24.23m
(79.49ft)

~

Fig.4.ThisisthelargestspatialfilterintheNova-chain.Itisan
f/20lenssystemwitha46-cm-apertureinputlensanda
74-cm-aperatureoutputlens.

Thefinalspatialfilterineachchaincontainsaplasmashutter
thatprojectsacriticaldensityofaluminumplasmaacrossthebeampath
atthepinholeimmediatelyafterthebeampulsepasses,thuspreventing
thepulsefromreflectingbackintothechain[4].Filterswillbe
fittedwith
beadjusted.
willbe:12
focusalong
longvacuum

anadjustingmechanismpermittingeachlensinthesystemto
independentlyunderfullvacuum.Therangeofadjustment
mninthex andy directionsacrossthebeamand:50mnin
thebeam
chambers

spaceframewithonly
pinholemanipulators

line.Thisadjustmentcapabilitywillallowthe
betweenthelensestoberigidlymountedtothe
aroughadjustmenttothebeamline.Motorized
areusedtoadjustthepinholetothefocalpoint.

Eachfilterispumpedindividuallywitheitherion-vacuumorcryogenic
pumps.Threeofthesevenunitsareself-containedandportable,for
easymaintenance.Thelargersizesaredesignedsothatthetubesstay
fixedtothespaceframeandthelensholdersareremovedformaintenance.
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The46-cm-aperturediskamplifier(fig.5)incorporatesallthe
latestinnovationsofamplifiertechnology.Itsimprovedperformance,
higherpumpingefficiency,costeffectiveness,andsimplicitymakeitthe
mostimpressivediskamplifierinLLNLhistory.Itusesrectangular
pumpinginwhichtheflashlamplightpassesthroughthelaserdisks ●

beforestrikingotherflashlamps.Also,thelargelaserdiskissplit
intohalves,whichreducestheamplifiedspontaneousemnission.ThisASE ‘ -
losshaspreviouslymadelarge-apertureamplifierslessattractive.The
disksarespring-mountedinelectro-formedellipticaldiskholderswhich
aremountedinverticalorientationinkinematicmounts.Allreflective
surfacesaresilver-plated.Thepumpvolumeisheldtominimum
dimensions,andtherearenolighttraps.Thepumpcavityisa
reflectiveboxelectricallyisolatedfromanouterboxaspartofthe
protectivegroundingsystem.Thisboxservesasthestructuralspineand
asahermeticseal.Theboxes--stackedend-to-end,veryclosely
coupled--actasacontinuousamplifier,reducingendlosses.

Fig.5. 46-cmsplitdiskamplifierwithtransverseflashlamps.

Theremainderofeachchainconsistsofisolationstagesand
turningmirrors.TheisolationstagesareeitherPockelscells,
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Faradayrotators,orplasmashutters.Allprotecttheopticalsurfaces
fromback-reflectionsandsubsequentdamage.Themirrors,whichdirect
thebeamtowardthetarget,rangeinsizefrom10cmtomorethan
100cm.Theyaremountedinstable,high-resolutiongimbals.
5. STABILITY

Makingthecomponentsofa systemaccessible,foroptimum
maintenance,isdirectlyassociatedwithsystemstability.Allcomponents
mustbesupportedinawaythatallowsquickinspection,repair,
replacement,andrebuilding,yetmeetsthestabilityrequirementfora
multiplebeamsystemtohittargetsnolargerthanseveralhundred
micrometers.Thermalandvibrationalstabilityaretheprimary
requirements.Seismicresistance,damping,andstrain-freemountsare
secondarybutessentialneeds.

5.1 Spaceframestability
TheNovaspaceframerigidlysupportsandmaintainsthealignment

ofthetotallasersystem.Threestructuresthatsupportthelaser--
laserframe,switchyardframe,andtargetframe--areshownin(fig.6).

Fig.6.PlanviewofNova’sthreespaceframes.

Twotypesofdisturbanceslimitthepointingaccuracyofthelaser:
thermaldriftandmicroseismicgroundmotion.Thermaldriftresultsfrom
temperaturevariationsbetweenair-conditioningzoneswithinthelaser
bay.Microseismicactivityfromvehicles,people,andair-conditioning
blowervibrationproducesacontinuousvibrationalinputtothe
spaceframe.Thermaldriftandmicroseismicactivitytogethertipand
bendthesteelstructure,causingtheturningmirrorsandspatialfilters
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torotatewithresultinglaserbeamdriftorjitteraroundthetarget
[5].Thefiveair-conditioningzoneswithinthelaserbayarerigidly
heldtot l/2°Cvariation.If thismaximumvariationweretoexist
betweenadjacentzoneswithinthelaserbay,itwouldresultina
0.7-pradtwisttothestructure.Thetwistwouldcausethespatial
filterstotip,whichwouldproduceamaximum2.3-pmdeflectionatthe
target.Thiseffectisdecreasedbythestructure’sthermalinertia,
whichislargecomparedwiththerapidrateofchangecapabilityofthe
air-conditioningsystem.

Microseismiceffectsweremodeledbysimulatingthemotionof
theframesusingSAP4,a structuralanalysiscode.Thisisthefirst
timethatwehavesimulatedtheentirespaceframe.Theundeformedlaser
frameandtwohigher-ordermodeshapesareshownin(fig.7).

Fig.7.Dynamicanalysisofspaceframeshowstwomodeshapes.

Themodelwasdrivenbyanacceleration-forcingfunctionpreviously
measuredintheShivalaserbay.The
usedtopredictjitteratthetarget.
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withthelargestcontributioncomingfromrotationofthemirrorsonthe
switchyardframe.Thisiswithinthepredictedaccuracyofthealignment
system.

5.2 Earthquakestability
OnJanuary24,1980,at11:00a.m.,anearthquakemeasuring5.5

ontheRichterscaleshooktheLivermoreValley[6].Therewerethree
verypronouncedshocks;thefirstat5.5ontheRichterscalefollowedby
twoothers,at5.2and4.8.TheShivaspaceframewasshakenoutof
alignment.Shivaconsistsoftwoframes;a laserframeandatarget
frame.Componentsoneachframestayedwithinalignmentwithrespectto
eachother,butthetargetframemovedwithrespecttothelaserframe.
Shearingoftheseismicanchorboltsonthetargetframewasresponsible
forthismisalignment.Thereasonfortheseismicanchorfailingliesin
theuniquedesignoftheframeasanopticalbench,notasabuildingor
asa normalloadbearingstructure.Thiswasthethirdina seriesof
earthquakesforShiva,thefirstoccurringonJune20,1977ata
magnitudeof4.7ontheRichterscaleandanepicenter2milesaway.The
secondquakewasonAugust6,1979,withamagnitudeof5.9andthe
epicenter60milesaway.Therewasnodamageormisalignmentfromthese-
earlierearthquakes.

Theframesarefixedatasinglepoint;allothersupportpoints
areonrollersandallowedtoexpandinalldirectionsfromthispoint.
Thisistopreventdistortionsofthestructurefromthermalgradientsif
theair-conditioningsystemfails.Thefixedpointisa seismicanchor,
whichhastheprimaryfunctionofresistingahorizontalearthquake
acceleration,inanydirection,equalto25%oftheaccelerationof
gravity.Foropticalstability,allcomponentsontheframeitselfare
mountedwithverystiffsupports.Allinterfacesbetweenthesecomponent
supportsandthespaceframearedesignedwithboltsapproximatelytwice
asstrongasthefloorbolts.Noneoftheseinterfacebolts
failed.Amajorproblemcanoccuriftheframeistiedtoofirmlytothe
floor;largeearthquakeforcescanbetransmittedthroughtheframewith
subsequentstructuraldamage,componentdamage,andpossiblyfalling
components.
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Thetargetframe,weighing495,000lb,wasjackedup
approximately0.25in.with15hydraulicjacks;allbearingswere
removed,inspected,repaired,andreinstalled.Theframewaslowered
ontothesebearings,movedtoitsoriginalposition,andsecurely
anchored.Throughoutthismaneuvertheframewasundercompletesafe
controlincaseofanotherquake.

Investigationindicatesthatalltheboltsdidnotresistthe
loadsimultaneouslythattherewassomebendingonthebolts,andthat
theyfailedinazipperfashionintensionandshear.

InevaluatingtheShivaanchorboltfailure,itseemedapparent
thegroundaccelerationwasgreaterthanthe0.25g designvalue.

Bolttests,combinedwithevaluationofthespaceframe
reaction,indicateanaccelerationbetween0.4and0.6g. Novaanchors
willhavetobedesignedtoresista0.5g accelerationandwillhave
controlledbreakawayanchors.

Acknowledgments
Theauthorrecognizestheoutstandingcontributionsofthemany

mechanicalengineeringcontributorsthroughoutdevelopmentofthelaser
fusionmachinesatLLNL.Iwouldalsoliketoacknowledgetheleadersof
theprogram--JohnEmmett,JohnHolzrichter,RobertGodwin,Bill
Simnons,TomGilmartin,andJimGlaze--fortheirleadership,support
andguidance.

IwouldliketoespeciallyacknowledgetheNovadesignteamfor
theireffortsonthisdifficultproject:G.Bradley,J.Braught,M.
Demos,F.Frick,B.Gim,G.Lee,C.McFann,H.Rien,1.Stowers,andH.
Patton.

-1o-

L



References
[11

E!]

El
[4]
[5]

[6]

PATTON,H.G.,STOWERS,I.F.,JONES,W.A.,artdWENTWORTH,D.E.;
StatusReportonCleaningandMaintenanceLaserDiskAmplifiers,
LLNL,Livermore,California- UCRL52412(1978)
STOWERS,I.F.,PATTON,H.G.;CleaningOpticalSurfaces,LLNL,
Livermore,California-UCRL80731(1978)
HUNT,JOHN;ImageRecycling,LLNL,LaserFocus,May1979
STOWERS,I.F., etal;Plasmashutter
LaserFusionMonthly,March1980;EditorW.F.Krupke,LLNL,
Livermore,California
HURLEY,C.A.;SomeCommentsontheShivaSpaceframeEarthquake
Damage,LLNL,LivermoreCalifornia- UCID18644

NOTICE

ThisreportwaspreparedasanaccountofworksponsoredbytheUnited
StatesGovernment.Neitherthe UnitedStatesnor the UnitedStates
Departmentof Energy,noranyof theiremployees,noranyof their
contractors,subcontractors,or theiremployees,makesanywarranty,
expressor implied,orassumesanylegalliabilityorresponsibilityforthe
accuracy,completenessor usefulnessof any information,apparatus,
productorprocessdisclosed,orrepresentsthatitsusewouldnotinfringe
privately-ownedrights.

Referenceto a companyor productnamedoesnotimplyapprovalor
recommendationof theproductbytheUniversityofCaliforniaortheU.S.
DepartmentofEnergytotheexclusionofothersthatmaybesuitable.

●

-11-



L

.


